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WK,QWHUQDWLRQDO&RQIHUHQFH('8:25/'(GXFDWLRQ)DFLQJ&RQWHPSRUDU\:RUOG
,VVXHV
5HVHDUFKDERXWLPSRUWDQFHRI1DWXUDO6FLHQFHVJLYHQWR
5RPDQLDQFXUULFXOXP
&DUPHQ±*DEULHOD%RVWDQD
D,QVWLWXWHRI(GXFDWLRQDO6FLHQFHVVWUùWLUEHL9RGăQU%XFKDUHVW5RPkQLD
$EVWUDFW
7KHJRDORIWKLVSDSHULVWRGHPRQVWUDWHLPSRUWDQFHRI1DWXUDO6FLHQFHVJLYHQWR5RPDQLDQFXUULFXOXP7KHK\SRWKHVLVIURP
ZKLFK,VWDUWHGLQGHYHORSPHQWRIWKLVUHVHDUFKZDVWRVWXG\WKHIUDPHZRUNSODQRISUHXQLYHUVLW\V\VWHPDQGSUHXQLYHUVLW\
FXUULFXOXP7KH FRQFOXVLRQ WKDWHPHUJHV LV WKHQHHGRI LQWURGXFWLRQ DQHZGLVFLSOLQH IURP VHFRQGDU\ VFKRROVZKLFKZLOO
FRUURERUDWHWKHLQWHUGLVFLSOLQDU\NQRZOHGJHRIELRORJ\SK\VLFVFKHPLVWU\DVWURQRP\JHRJUDSK\7KLVLVIRXQGHGRQQHHGRI
VFLHQWLILF OLWHUDF\ RI IXWXUH FLWL]HQV LQ WKH VHQVH RI XQGHUVWDQGLQJ VFLHQWLILF FRQFHSWV QHFHVVDU\ IRU DFWLYH SDUWLFLSDWLRQ RI
LQGLYLGXDOVLQFLYLFOLIHHFRQRPLFOLIHDQGLQFRPPXQLW\GHFLVLRQPDNLQJ

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH8QLYHUVLW\RI3LWHVWL5RPDQLD

.H\ZRUGV1DWXUDO6FLHQFHVFXUULFXOXPLQWHUDQGWUDQVGLVFLSOLQDU\DSSURDFKVHFRQGDU\HGXFDWLRQHGXFDWLRQIRUPDUNHWODERXU
,QWURGXFWLRQ
&RQWHPSRUDU\VRFLHW\WKHVSHFWDFXODUSURJUHVVRIVFLHQFHHQJLQHHULQJDQGWHFKQRORJ\IRUFHVXVWRDGDSWWR
WKHVHFKDOOHQJHV
+XPDQ GHYHORSPHQW FDQQRW WDNH SODFHZLWKRXW SHDFH DQG SHDFH FDQQRW EH WUXHZLWKRXW UHVSHFW IRU KXPDQ
ULJKWVDQGIXQGDPHQWDOIUHHGRPVLQVXUDQFHHOLPLQDWLQJSRYHUW\KXQJHUDQGLOOLWHUDF\LPSHUDWLYHWKDWIRXQGRQ
WKH DJHQGD LQ WKH IRUP RI UHFRPPHQGDWLRQV DQG UHVROXWLRQV RI LQWHUQDWLRQDO IRU 81 81(6&2 DQG RI
JRYHUQPHQWVDQGLQWHUJRYHUQPHQWDORUUHJLRQDOSROLFLHV

&RUUHVSRQGLQJDXWKRU7HOID[
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&RPSOH[ DQG LQWHJUDWHG SUREOHPV VXFK DV JOREDOL]DWLRQ PLJUDWLRQ LQWHUFXOWXUDO HQYLURQPHQWDO SURWHFWLRQ
LQIRUPDWLRQH[SORVLRQSRYHUW\FRQIOLFWVHWFFODLPDWUDQVGLVFLSOLQDU\DSSURDFKWRHGXFDWLRQ(VWDEOLVKPHQWRI
WUDQVGLVFLSOLQDU\ FXOWXUH ZKLFK FRXOG KHOS HOLPLQDWH WHQVLRQV WKDW WKUHDWHQ OLIH RQ RXU SODQHW LV LPSRVVLEOH
ZLWKRXWDQHZW\SHRIHGXFDWLRQWKDWWDNHVLQWRDFFRXQWDOOGLPHQVLRQVRIWKHKXPDQEHLQJ&R]PD7>@
,Q HFRQRPLF FULVLV FRQWH[W LV LPSHUDWLYH WR WDFNOH WKH HFRQRP\ WKURXJK VXVWDLQDEOH JURZWK ZD\ ³$ WUXO\
NQRZOHGJHEDVHGVRFLHW\QHHGV LWVFLWL]HQV WREH LQYROYHG´VDLG(XURSHDQ6FLHQFHDQG5HVHDUFK&RPPLVVLRQHU
-DQH]3RWRþQLN³:HKDYHWRGRPRUHWRSUHSDUHRXU\RXQJSHRSOHIRUDIXWXUHWKDWZLOOUHTXLUHJRRGVFLHQWLILF
NQRZOHGJH DQG DQ XQGHUVWDQGLQJ RI WHFKQRORJ\´(XURSHDQ &RPPLVVLRQ >@ (8 OHDGHUV DFNQRZOHGJHG WKDW
IXWXUHFRPSHWLWLYHQHVVGHSHQGHGRQDUHQRYDWHGHGXFDWLRQSROLF\LQFOXGLQJVFLHQFHV7KHFRXQWULHVRI(XURSHDQ
8QLRQPXVWUHWKLQNKRZHGXFDWLRQDQGWUDLQLQJV\VWHPVFDQGHOLYHUWKHVNLOOVQHHGHGE\WKHODERXUPDUNHW
³$QGURXOOD 9DVVLOLRX &RPPLVVLRQHU IRU (GXFDWLRQ &XOWXUH0XOWLOLQJXDOLVP DQG <RXWK VDLG 5HWKLQNLQJ
HGXFDWLRQLVQRWMXVWRITXHVWLRQRIPRQH\ZKLOVWLWLVWUXHWKDWZHQHHGWRLQYHVWPRUHLQHGXFDWLRQDQGWUDLQLQJ
LWLVFOHDUWKDWHGXFDWLRQV\VWHPVDOVRQHHGWRPRGHUQL]HDQGEHPRUHIOH[LEOHLQKRZWKH\RSHUDWHWRUHVSRQGWR
WKH UHDO QHHGV RI WRGD\
V VRFLHW\ (XURSH ZLOO RQO\ UHVXPH VXVWDLQHG JURZWK E\ SURGXFLQJ KLJKO\ VNLOOHG DQG
YHUVDWLOHSHRSOHZKRFDQFRQWULEXWHWRLQQRYDWLRQDQGHQWUHSUHQHXUVKLS(IILFLHQWDQGZHOOWDUJHWHGLQYHVWPHQWLV
IXQGDPHQWDO WR WKLV EXW ZH ZLOO QRW DFKLHYH RXU REMHFWLYHV E\ UHGXFLQJ HGXFDWLRQ EXGJHWV´(XURSHDQ
&RPPLVVLRQ>@:LWKRXWSURGXFWLRQRIJRRGVVRFLHW\GRHVQ¶WKDYHGHYHORSPHQW&XUUHQWHFRQRP\LVQRWPDGH
RQ KDQGV LV UHTXLUHG WRS WHFKQRORJ\ WKDW ZLOO QRW EH ZLGHO\ XVHG XQOHVV ZH QRW KDYH ZHOO WUDLQHG ZRUNHUV
1DWXUDO6FLHQFHVSOD\DIXQGDPHQWDOUROH
2(&'UHVHDUFKLQGLFDWHDOWKRXJKWKHQXPEHURIXQLYHUVLW\JUDGXDWHVLQWKH(8LVLQFUHDVLQJWKHQXPEHURI
VWXGHQWV DW WHFKQLFDO XQLYHUVLWLHV LQ OLIH VFLHQFHV HDUWK VFLHQFHV RU SK\VLFV VFLHQFHV FKHPLVWU\ VFLHQFHV LV
GHFUHDVLQJ $FFRUGLQJ WR  (XUREDURPHWHU RQO\  RI SRSXODWLRQ LV VDWLVILHG ZLWK VFLHQFH NQRZOHGJH
OHDUQHGLQVFKRRODOWKRXJKEHOLHYHWKDWWKHVFLHQFHVDUHHVVHQWLDOIRUIXWXUHSURVSHULW\RIVRFLHW\
,Q WKLV FRQWH[W LW LV D JURZWKSRWHQWLDO IRU MRE FUHDWLRQ LQSURGXFWLRQ VHFWRUV VXFK DV JUHHQ HFRQRP\ ,&7
QDQRWHFKQRORJLHVKHDOWKZKHUHLWLVVKRUWDJHVVSHFLDOLVWV7KLVVXSSRVHQHZODERXUPDUNHWQHHGVDQGHGXFDWLRQ
PXVWEHXSGDWHGLQNH\DUHDVOLNHVFLHQFHVSK\VLFVFKHPLVWU\ELRORJ\JHRORJ\DVWURQRP\PDWKHPDWLFVDQGH
VNLOOV:HQHHGSXUVXLQJSROLFLHVOLNHDGGUHVVLQJFOLPDWHFKDQJHWKHHQYLURQPHQWWUDQVSRUWDQGHQHUJ\KHDOWK
KLJKWHFK QDQRWHFKQRORJLHV DQG RSWLPLVLQJ WKH RSSRUWXQLWLHV IRU LQWHUQDWLRQDO FRRSHUDWLRQ LQ DUHDV VXFK DV
VFLHQFHDQGWHFKQRORJ\HGXFDWLRQWUDLQLQJDQGUHVHDUFK
,QWKLVPDQQHUZHFDQDFKLHYHDQLQWHUDQGWUDQVGLVFLSOLQDU\OHDUQLQJFRPSOHWHWKHVFLHQFHNQRZOHGJHWKDW
FDQEHXVHIXORXUHYHU\GD\OLIH
5HODWHGZRUN
6FKRROV\VWHPVPXVWUHVSRQGWRFKDQJHVLQH[WHUQDOFRQGLWLRQVWKDWUHGHILQHQHHGVRIIXWXUHZKROHVRFLHW\
7UDQVGLVFLSOLQDU\DSSURDFKRI1DWXUDO6FLHQFHV±3K\VLFV&KHPLVWU\%LRORJ\$VWURQRP\*HRORJ\LQVFKRRO
LVUHTXLUHGLQVHYHUDOLPSHUDWLYHVIXWXUHPDQVKRXOGEHDEOHWRFRSHZLWKHYHU\GD\FKDOOHQJHVWRDGDSWRQWKH
IO\WREHDEOHWRUHWUDLQ,QWKLVFRQWH[WGLVFLSOLQDU\TXDOLILFDWLRQRIPRGHUQPDQLVQ
WHQRXJKWRIDFHWKUREELQJ
HYROXWLRQ RI VRFLHW\ VFLHQFH HQJLQHHULQJ DQG WHFKQRORJ\PXVW EH FRPSOHWHGZLWK LQWHUGLVFLSOLQDU\ GLVFLSOLQH
OLNH/LIH6FLHQFHVDQG(DUWK6FLHQFHV ,Q WKLVPDQQHUZH FDQDFKLHYHDQ LQWHU DQG WUDQVGLVFLSOLQDU\ OHDUQLQJ
FRPSOHWHWKHVFLHQFHNQRZOHGJHWKDWFDQEHXVHIXORXUHYHU\GD\OLIH
,QFOXGLQJ LQ 0DWKHPDWLFV DQG 1DWXUDO 6FLHQFHV FXUULFXOXP DQ LQWHUGLVFLSOLQDU\ ILHOG VSHFLILF RI VHFRQGDU\
OHYHOHGXFDWLRQLVIRXQGHGRQ
1HHGRIIXQFWLRQDOVFLHQWLILFOLWHUDF\RIIXWXUHFLWL]HQVLQWKHVHQVHRIIXQFWLRQDOXQGHUVWDQGLQJRIVFLHQWLILF
FRQFHSWV QHFHVVDU\ IRU DFWLYH SDUWLFLSDWLRQ LQ FLYLF OLIH HFRQRPLF OLIH DQG LQ FRPPXQLW\ SROLFLHV )XQFWLRQDO
VFLHQWLILF OLWHUDF\ PHDQV WKDW D SHUVRQ FDQ GHVFULEH H[SODLQ DQG SUHGLFW QDWXUDO SKHQRPHQD FDQ UHDG DQG
XQGHUVWDQGVFLHQWLILFDUWLFOHVLQQHZVSDSHUVDQGPDJD]LQHVDQGFDQHQJDJHLQFRQYHUVDWLRQVDERXWWKHYDOLGLW\RI
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FRQFOXVLRQV,QYROYHVWKHIDFWWKDWDSHUVRQFDQLGHQWLI\VFLHQWLILFLVVXHVXQGHUO\LQJQDWLRQDODQGORFDOGHFLVLRQV
KHFDQWKHUHIRUHWRH[SUHVVHVSRVLWLRQVGHQRWLQJVFLHQWLILFDQGWHFKQRORJLFDOLQIRUPDWLRQ$VFLHQWLILFDOO\OLWHUDWH
FLWL]HQ LV DEOH WR DVVHVV WKH TXDOLW\ RI VFLHQWLILF LQIRUPDWLRQ RQ WKH VRXUFHV DQG PHWKRGV WKDW JHQHUDWHG LW WR
SURSHUO\XVHWHFKQLFDOWHUPVDQGGHPRQVWUDWHVWKHDELOLW\WRDSSO\WKHFRQFHSWVDQGSURFHVVHVRIVFLHQFH
 7KH GLIILFXOW\ RI FUHDWLQJ RQO\ WKURXJK RUJDQL]HG VWXG\ PRQRGLVFLSOLQDU\ %LRORJ\ 3K\VLFV &KHPLVWU\
*HRJUDSK\DJOREDOLQWHJUDWLYHDERXWQDWXUDOSKHQRPHQD
 7KH QHHG IRU LQWHJUDWHG DSSURDFK RI NQRZOHGJH RI SK\VLFV FKHPLVWU\ ELRORJ\ JHRJUDSK\ LQ D QHZZD\
LQWHUDQGWUDQVGLVFLSOLQDU\
7KLV ILHOG RI VWXG\ LQWHQGV DV JHQHUDO JRDO WKH WUDLQLQJ RI IXWXUH FLWL]HQV IRU FUHDWLYH RSHUDWLQJ UHJDUGLQJ
SUREOHP VROYLQJ VNLOOV VFLHQWLILF NQRZOHGJH DQG DSSUHFLDWLRQ RI RWKHUV FRQWULEXWLRQ WR WKH GHYHORSPHQW RI
NQRZOHGJHDQGVRFLHW\
6SHFLILFFRPSHWHQFLHVDQGDVVRFLDWHGOHDUQLQJFRQWHQWVVKRXOGHQDEOHXQGHUVWDQGLQJWKHVFLHQWLILFNQRZOHGJH
WKH OLPLWV RI WKLV W\SH RI NQRZOHGJH LQ D JLYHQ FRQWH[W DQG GHYHORS WKRVH VNLOOV WR JHQHUDWH YDOLG VFLHQWLILF
NQRZOHGJH7KHV\OODEXVRIWKLVVXEMHFWZLOOLQWHQGWRFUHDWHIDYRXUDEOHFRQGLWLRQVIRUHDFKVWXGHQWWRIRUPDQG
GHYHORSLQGLYLGXDOVNLOOVDWDSDFHRZQWRWUDQVIHUNQRZOHGJHJDLQHGIURPDVWXG\DUHDWRDQRWKHU
,Q5RPDQLD IRU J\PQDVLXP OHYHO 99,9,,9,,, JUDGH  WKH GLVWULEXWLRQ RI ZHHNO\ KRXUV IRU WHDFKLQJ
OHDUQLQJ LQ FXUULFXOXP DUHD 0DWKHPDWLFV DQG 1DWXUDO 6FLHQFHV UHVSHFWLYH IRU HDFK GLVFLSOLQH VHSDUDWHO\ DUH
SUHVHQWHG LQ 7DEOH  DFFRUGLQJ WR$QQH[ 2UGHU RI 5RPDQLDQ0LQLVWU\ RI (GXFDWLRQ 5HVHDUFK<RXWK DQG
6SRUWVQRRIILJWKDWLVFXUUHQWO\LQHIIHFW
7DEOH
0LQLP 0D[LP&XUULFXODUDUHD
KRXUZHHN SHUFHQWDJH KRXUZHHN SHUFHQWDJH
0DWKHPDWLFVDQG1DWXUDO6FLHQFHV    
0DWKHPDWLFV    
3K\VLFV    
&KHPLVWU\    
%LRORJ\    
6FLHQFHV    
KRXUZHHN    

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

)LJ$QQH[2UGHURI5RPDQLDQ0LQLVWU\RI(GXFDWLRQ5HVHDUFK<RXWKDQG6SRUWVQRRI>@
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:H FDQ REVHUYH WKDW WKH SHUFHQWDJH RI KRXUV DOORFDWHG FXUULFXOXP DUHD RI 0DWKHPDWLFV DQG 6FLHQFHV LV
DSSUR[LPDWHO\H[DFWO\DVVKRZQLQWKHFKDUWEHORZILJ

0DWKHPDWLFV
DQG
1DWXUDO6FLHQFHV
2WKHU
VXEMHFWV

6KDUHRIQXPEHURIKRXUVDOORFDWHGIRU&XUULFXOXP$UHD
0DWKHPDWLFVDQG1DWXUDO6FLHQFHVRIWRWDOKRXUV

)LJ&XUULFXOXP$UHD0DWKHPDWLFVDQG1DWXUDO6FLHQFHV
1XPEHURIKRXUVDVVLJQHGIRU1DWXUDO6FLHQFHVUHSUHVHQWVDSSUR[LPDWHO\H[DFWO\RI
WRWDOKRXUV

1DWXUDO
6FLHQFHV

2WKHU
VXEMHFWV

6KDUHRIQXPEHURIKRXUVDOORFDWHGIRU1DWXUDO6FLHQFHVRI
WRWDOKRXUV

)LJ1DWXUDO6FLHQFHV
1XPEHU RI KRXUV DVVLJQHG IRU0DWKHPDWLFV UHSUHVHQWV DSSUR[LPDWHO\ RI WRWDO KRXUV SHUZHHN H[DFWO\
IRUKRXUVZHHNDQGIRUKRXUVZHHNWDEOHILJ

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0DWKHPDWLFV

2WKHU
VXEMHFWV

6KDUHRIQXPEHURIKRXUVDOORFDWHGIRU0DWHPDWLFVRIWRWDO
KRXUV

)LJ0DWKHPDWLFV
:HFDQREVHUYHWKDWGLVWULEXWLRQIRUHDFKGLVFLSOLQHLVDFFRUGLQJWDEOHSK\VLFVRQO\RIWKH
WRWDODOORFDWHGJ\PQDVLXPZKLFKLVYLVXDOL]HGLQILJXUH

)LJ6KDUHRIQXPEHURIKRXUVDOORFDWHGIRU3K\VLFV&KHPLVWU\DQG%LRORJ\
,QWURGXFLQJ DQ KRXU IRU /LIH 6FLHQFHV GLVFLSOLQH DQG DQ KRXU IRU (DUWK 6FLHQFH GLVFLSOLQH ZRXOG UHVXOW LQ
ORZHULQJWKHJDSEHWZHHQWKHQXPEHUVRIKRXUVDOORFDWHGKXPDQLWLHVVFLHQFHVFRPSDUDWLYHZLWKH[DFWVFLHQFHV,W
VKRXOGEHERUQH LQPLQG WKDW WKH ILUVW \HDUVRI VFKRRO SULPDU\DQG VHFRQGDU\ VFKRROVFRQWULEXWH WRDJHQHUDO
FXOWXUHIRUPDWLRQE\ZKLFKWKHVWXGHQWIRUPVIRUKLPVFLHQWLILFFRQFHSWVDERXWOLIH,IWKHWRWDOQXPEHURIKRXUV
SHUZHHNUHPDLQVWKHVDPHE\LQWURGXFLQJDQKRXUIRUHDFKRIWKHVHILHOGVGLVWULEXWLRQRIKRXUVDOORFDWHGH[DFWO\
GLVFLSOLQHVLQFUHDVHVVOLJKWO\DVVKRZQLQ7DEOHUHDFKLQJDQGIRU1DWXUDO6FLHQFHVZHZLOO
KDYHDSHUFHQWDJHWKDWYDULHVEHWZHHQDQG
7DEOH
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0LQLP 0D[LP&XUULFXODUDUHD
KRXUZHHN SHUFHQWDJH KRXUZHHN SHUFHQWDJH
0DWKHPDWLFVDQG1DWXUDO6FLHQFHV    
0DWKHPDWLFV    
/LIH6FLHQFHV    
(DUWK6FLHQFHV    
3K\VLFV    
&KHPLVWU\    
%LRORJ\    
1DWXUDO6FLHQFHV    
KRXUZHHN    

2QH RI WKH PDMRU DGYDQWDJHV ZRXOG EH EHVLGHV LQWHU DQG WUDQVGLVFLSOLQDU\ FRUUHODWLRQV DQ LQFUHDVHG
QXPEHURIODERUDWRU\KRXUVUHVSHFWLYHSUDFWLFDODSSOLFDWLRQV
7KHFXUULFXOXPRIWKHVHGLVFLSOLQHVVKRXOGEHIROORZHG
x *HQHUDOFRPSHWHQFLHV
x 6SHFLILF&RPSHWHQFLHV
x 9DOXHVDQGDWWLWXGHV
x (XURSHDQNH\FRPSHWHQFHV
.H\&RPSHWHQFHV±PDWKHPDWLFVQDWXUDOVFLHQFHVDQGWHFKQRORJLHV
%DVLFVNLOOVLQQDWXUDOVFLHQFHVVXSSRVH
x .QRZOHGJH ± WKDW PHDQV EDVLF SULQFLSOHV RI QDWXUH FRQFHSWV SULQFLSOHV DQG EDVLF VFLHQWLILF PHWKRGV
WHFKQRORJ\SURGXFWVDQGSURFHVVHVXQGHUVWDQGLQJ WKH LPSDFWRIVFLHQFHDQG WHFKQRORJ\ WKURXJK WKHZRUOG
XQGHUVWDQGLQJ DGYDQFHV OLPLWDWLRQV DQG ULVNV RI VFLHQWLILF WKHRULHV DSSOLFDWLRQV DQG WHFKQRORJ\ WKURXJKRXW
VRFLHW\UHODWHGGHFLVLRQVLVVXHVRIYDOXHVHWKLFVFXOWXUHHWF
x 6NLOOV  DELOLW\ WRXVH DQGPDQLSXODWH WRROV DQG WHFKQRORJLFDO HTXLSPHQW DQG VFLHQWLILF GDWD IRU DFKLHYLQJ D
JRDORUWRUHDFKDGHFLVLRQRULQIRUPHGFRQFOXVLRQUHFRJQLWLRQFKDUDFWHULVWLFVRIVFLHQWLILFLQTXLU\DELOLW\WR
FRPPXQLFDWHFRQFOXVLRQVDQGUHDVRQLQJWKDWOHGWRWKHVH
x $WWLWXGHVFULWLFDODSSUHFLDWLRQDQGFXULRVLW\ LQWHUHVW LQHWKLFDO LVVXHVDQGUHVSHFWIRUVDIHW\DQGVXVWDLQDEOH
GHYHORSPHQW SDUWLFXODUO\ LQ WKH VFLHQWLILF DQG WHFKQRORJLFDO SURJUHVV LQ UHODWLRQ WR VHOI IDPLO\ FRPPXQLW\
DQGJOREDOLVVXHV
*HQHUDO&RPSHWHQFHV
x 7KHRUJDQL]DWLRQRIVSHFLILFNQRZOHGJHLQVFLHQFHVILHOG
x 8VLQJLQYHVWLJDWLRQWKDWIXQGDPHQWDODSSURDFKLQVFLHQFHV
x 7KHXQGHUVWDQGLQJFRPPXQLFDWLRQRIFRQFHSWVDQGUHVXOWVRILQYHVWLJDWLYHGHPDUFKH
9DOXHVDQGDWWLWXGH
x 5HVSHFWIRUULJRUPDQLIHVWHGLQWKHLQYHVWLJDWLRQSURFHVVDQGNQRZOHGJHLQJHQHUDO
x ,QWHUHVWWRGDWDREWDLQHGE\WKHVFLHQWLILFPHWKRGDQGFULWLFDOWKLQNLQJDERXWWKHLUOLPLWV
x :LOOLQJQHVVWRFRQVLGHUDVVXPSWLRQVDVVWDWHPHQWVWREHFKHFNHGWHVWHG
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x :LOOLQJQHVVWRRYHUFRPHWKHLURZQEHOLHIVLQRUGHUWRDFTXLUHDQREMHFWLYHYLHZRQLVVXHVVWXGLHG
x )OH[LELOLW\LQWKHLUYLHZSRLQWVWKDWIDFHGZLWKQHZMXVWLILHGGDWD
x 5HVSHFWIRUVFLHQWLILFUHDVRQLQJ
x &DUHIRUWKHPVHOYHVWRRWKHUVDQGWRWKHHQYLURQPHQW
x ,QWHUHVWWRFRQWLQXRXVO\LPSURYHWKHLUSHUIRUPDQFHLQVFLHQWLILFNQRZOHGJH
x 6FHSWLFLVPIRUXQVXEVWDQWLDWHGJHQHUDOL]DWLRQVRQYHULILDEOHREVHUYDWLRQVDQGUHSHDWDEOH
,WLVQHFHVVDU\WKDWOHDUQHUVEHJLYHQWKHRSSRUWXQLW\WRVKRZLQLWLDWLYHZRUNLQJURXSVWRVROYHOLIHWDVNVWR
DOORZFKRRVLQJ IURPDYDULHW\RIPHWKRGV XVLQJ DGYDQFHG WHFKQRORJ\ DQGEH DEOH WRSHUVHYHUHXQWLO UHDFKLQJ
DSSURSULDWHVWDQGDUGV2QWKHRWKHUKDQGSUDFWLFDOWUDLQLQJVKRXOGEHGLUHFWHGWR
x IRFXVRQSUDFWLFDODFWLYLWLHVWKHVWXGHQWWREHLQYROYHGSK\VLFDOO\PHQWDOO\DQGVRFLDOO\
x VXSSO\RIDYDULHW\RIOHDUQLQJDFWLYLWLHV
7HDFKLQJVWUDWHJLHVXVHGZLOOEHIRFXVHGRQGHYHORSLQJ OHDGHUVKLSVNLOOVDQGHIIHFWLYHGHVLJQRIH[SORUDWRU\
DQGLQYHVWLJDWLYHZRUNVWUXFWXUHVSKHQRPHQDDQGSURFHVVHVIURPQDWXUDORUDUWLILFLDO
&RQFOXVLRQV
7KH GHYHORSPHQW RI VRFLHW\ LV GXH RI NQRZKRZ WHFKQLTXH DQG WHFKQRORJ\ WKHVH ZLOO FRXOG QRW GHYHORS
ZLWKRXW WKURXJK NQRZOHGJH RI QDWXUDO VFLHQFHV DQG GHIDXOW SK\VLFV EHFDXVH ZH DOO NQRZ WKDW DOO QDWXUDO DQG
ELRORJLFDOSURFHVVHVLVEDVHGE\SK\VLFFKHPLFDOSURFHVVHV,WPXVWWKHUHIRUHGHYHORSVFLHQWLILFNQRZOHGJHRIWKH
SRSXODWLRQ DQG WKLV FDQ EH DFKLHYHG E\ LQWURGXFLQJ QHZ GLVFLSOLQHV IURP VHFRQGDU\ VFKRROV ZKLFK KDYH D
FRUURERUDWLRQLQWHUGLVFLSOLQDU\NQRZOHGJHRIELRORJ\SK\VLFVFKHPLVWU\DVWURQRP\JHRJUDSK\DQGDGGUHVVLQJ
FURVV LQWHU DQG WUDQVGLVFLSOLQDU\ SKHQRPHQD RFFXUULQJ LQ WKH OLYLQJZRUOG WKHPLFUR DQGPDFUR FRVPRV WKH
FHQWUHRIZKLFKLVPDQ$OOGLVFLSOLQHVDUHXVHIXOEXWVRFLHW\SURJUHVVGRHVQRWRFFXUZLWKZRUGVDQGDQDO\VLVRI
YDULRXVSKLORVRSKHUV3HRSOHQHHGWRHDWWRGUHVVWKHJRRGVIRUOLYLQJXVHIXOLIFDQEHQHILWIURPDKHDOWK\DQG
FRPIRUWDEOHDFFHVVWRWHFKQRORJ\LVDEOHWRXVHWKHSUHVHQWWHFKQRORJ\DQGWRSURGXFHLWLQWKHIXWXUH0DQRIWKH
IXWXUH WKH(XURSHDQ FLWL]HQPXVW EH DEOH WRXQGHUVWDQG QDWXUDO SKHQRPHQD LQZKLFKKH OLYH DQGXVH WKHP IRU
LWVHOI
/LIHKDSSHQVLIVRPHQHHGVDUHPHWZKLFKLVEDVHGE\SK\VLFDOSURFHVVHV
IRRGQRWMXVWEDVHGRQWKDWIRXQGLQQDWXUHPXVWLWEHSURFHVVHGNLWFKHQWRROVURERWVWRYHVWRYHRYHQ
PLFURZDYHHWFPXVWEHPDLQWDLQHGIULGJHIUHH]HUYDFXXPGHYLFHVHWF
FORWKLQJWRJHWLWWREHSURFHVVHGZRROFRWWRQVLONV\QWKHWLF\DUQHWF
KRXVLQJXQIRUWXQDWHO\ZHFDQQRWOLYHXQGHUWKHIUHHVN\ZHQHHGKRXVLQJWKDWZHPXVWEXLOGWRPDLQWDLQLW
DQGSHUIRUPPLQRUUHSDLUVWKHPVHOYHV
WRFRPPXQLFDWHZHFDQQRWLPDJLQHWRGD\ZLWKRXWPRELOHSKRQH793&/DSWRSL3KRQH7DEOHW
WRWUDYHO,LPDJLQHOLNHZLWKRXWELNHFDUWUDLQSODQHVKLS
HOHFWULFLW\SURGXFHGEHFDXVHRISK\VLFDONQRZOHGJH
 $QG ODVW EXW QRW OHDVW ZH PXVW VWD\ KHDOWK\ DQG EH DEOH WR RYHUFRPH DQ\ GLVHDVH WKDQNV WR PHGLFDO
DGYDQFHV$OORIWKHVHFRXOGQRWWDNHSODFHZLWKRXWWKHNQRZOHGJHRISK\VLFVELRORJ\DQGFKHPLVWU\SV\FKRORJ\
DQG WKH FRQQHFWLRQV EHWZHHQ WKHP $ GRFWRU ZKHQ WUHDWLQJ D GLVHDVH D VXUJLFDO RSHUDWLRQ QRW WUHDW LVVXHV
VHSDUDWHO\KHUH
VDQDWRP\KHUHLWDSSOLHVDSK\VLFDOSKHQRPHQRQEH\RQGFKHPLFDOUHDFWLRQRFFXUV+HWUHDWVWKH
ERG\DVDZKROHLQZKLFKDOOSKHQRPHQDVLPXOWDQHRXVO\DFWLQJLQDFFRUGDQFHZLWKWKHSHFXOLDULWLHVRIHDFK
3K\VLFVNQRZOHGJHPXVWQRWWDXJKWRQO\GLVFLSOLQDU\DVDGLVFLSOLQHLQLWVRZQULJKWLWVKRXOGEHWDXJKWDQG
H[SODLQHGLQDEURDGHUFRQWH[WWRJHWKHUZLWKDOORWKHUGLVFLSOLQHV
(IIHFWLYHHGXFDWLRQLQDOOVXEMHFWVDQGDWDOOOHYHOVLVLPSRUWDQWWRWKHIXWXUHRI(XURSHDQFXOWXUHDQGHFRQRP\
DV ZHOO DV WR VFLHQWLILF UHVHDUFK IRU GHYHORSV WKH WHFKQLTXH DQG WHFKQRORJ\ 7KH JRDO RI WKLV SDSHU LV WR
GHPRQVWUDWHLPSRUWDQFHRI1DWXUDO6FLHQFHVJLYHQWR5RPDQLDQFXUULFXOXP7KHK\SRWKHVLVIURPZKLFK,VWDUWHG
LQ GHYHORSPHQW RI WKLV UHVHDUFK ZDV WR VWXG\ WKH IUDPHZRUN SODQ RI SUHXQLYHUVLW\ V\VWHP DQG SUHXQLYHUVLW\
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FXUULFXOXP 3URJUHVVHV RI D VRFLHW\ RFFXU GXH WR WHFKQLTXH DQG WHFKQRORJ\ WKDW FRXOG QRW GHYHORS ZLWKRXW
WKRURXJKNQRZOHGJHRIWKHQDWXUDOVFLHQFHVQDPHO\SK\VLFVFKHPLVWU\ELRORJ\
7KHFRQFOXVLRQWKDWHPHUJHVLVWKHQHHGRILQWURGXFWLRQDQHZGLVFLSOLQHIURPVHFRQGDU\VFKRROVZKLFKZLOO
FRUURERUDWHWKHLQWHUGLVFLSOLQDU\NQRZOHGJHRIELRORJ\SK\VLFVFKHPLVWU\DVWURQRP\JHRJUDSK\,WDOVRZLOOEH
DWUDQVGLVFLSOLQDU\DSSURDFKE\DGGUHVVLQJFURVVFXUULFXODURIWKHOLYLQJZRUOGSKHQRPHQDRFFXUULQJDWWKHPLFUR
DQGPDFURFRVPRVLQWKHFHQWUHRIWKLVLVWKHPDQ
(8OHDGHUVDFNQRZOHGJHGWKDWIXWXUHFRPSHWLWLYHQHVVGHSHQGHGRQDUHQRYDWHGHGXFDWLRQSROLF\LQFOXGLQJWKH
(XURSHDQ FRPSHWHQFHV DV QDWXUDO VFLHQFHV VNLOOV ,Q UHFHQW \HDUV PDQ\ VWXGLHV KDYH KLJKOLJKWHG DQ DODUPLQJ
GHFOLQH LQ \RXQJ SHRSOH¶V LQWHUHVW IRU NH\ VFLHQFH VWXGLHV 7KLV ILHOG RI VWXG\ LV LQWHQGHG DV JHQHUDO JRDO WKH
SXUSRVH WUDLQLQJ IXWXUH FLWL]HQV IRU UHJDUGLQJ WKH FUHDWLYH RSHUDWLQJ ZLWK SUREOHP VROYLQJ VNLOOV VFLHQWLILF
NQRZOHGJHDSSUHFLDWLRQRIRWKHUVFRQWULEXWLRQWRWKHGHYHORSPHQWRINQRZOHGJHDQGVRFLHW\WRR
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